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‘ABSTRACE
Fvaluation of the physical characteristics of modifications of terratex

r::d othor asbestos based materials hes comtinued.

Several new materials have been received and evaluated as to physical
chamcteriaties and performance 4n tubu

New m-ocessing techiiques for mmducuuod u)d evaluated,

Romltsmtuhaumgwofthowmut&hhmw

and discussed withmrticulnrmm“uormm-xdlmlof
cathode emiasion,

Techniocal man hours during this interval:

F™ Broderick \ 155
RJ Coswell sl
Paul Doigan ) W
AP Hagsee 27
- JC BRickle 203
MA Chernin 322

-
>

The totel expenditures om this contract thragh&prﬂ 30, 1952 have
becen 618’9550841

114
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The object of the work carried on wnder this condrest is to find
or develop a domeetio materisl or msferials to be used a3 wecumm tibe
mmmrmmawmmmmwdm

Thoprimymoftbomunhtaﬂndlmubh‘ml
txm-incmﬁthmxnomunnotmnm.

The major problems in connection with the fulfilamt of this
contraot ares

1, msmamwmmamumy
mm«mmwmmwum

2. A material of such agature thet it may be fabricated
umwwwmumnmm
o in large quntities.

3. Pbyﬁadmdchﬂimlmmicamhm

v
H
8§

4. A matertal ummuu give equivalent
slectricel -

ummgmm-. 8., (swission, trens-
emwm,m ospatitinde m
vibration, wio s and notse),



*

wmwmmmmmhumu
thtuwmommwmmuu-
based sheot materials, " ) 4

vmummm.uuMpm-tdmm“mumgmmu
lines. First, the clay content of the asbestos sheet has been varied and
the strength and other nroperties measured. Second, further attempts have
bwnmdetomtbpm«nmgoftbmmtcmmordw
to decrease the gas and moisture comtent., It is felt that any improvement .
ofthutmintheroguhrtmtcoouldalao%oawnodtotum LY
asbostos-based materials. The investigstion of the effect of different clay
contents in the asbestos shest was carried out on two different lots of
mterhlprcperedaehndwabytur.A.P.hﬁyntowinPiw,
Uaes, There was some indication that the physical nroperties varied some-
what with the percentage clay, andth&;adiaculudinpummuhm
. 4n the report., Our investigations comtimied -the effeots of
" various firing treatments followsd by impregnatl ﬂthmimautorim .
;Thesc%oetswmnwhrndeutheahwbnmm ormhodmmandare
'discmndwer!nthorm ki

.mmmmwm-’b-udm-wmmmmm-
irg new types of material made avails tmmuu;ormnmm
wmdmnmm:omd' _hlgndmrff'
Those materials and the test rosulta-~m ds-emad in tho mmd’s.omn
-ofthiaraport. : i L

regular ,"i‘n an offort to enligt their aid in

~ obtaining mhino—ude nmhsﬁthvmclaycm These contacts

mammmmmymtmmtmw yndertake this
type of work., This subject is be PUTSUS withdth-rptperlanufmtmm =

manotforttoohtainthedewuw . '

. mmuhmmmwmmmmmmmmmw
‘ .'mmmwmuwdwmuryormmw
Commany to determine what some of the limiting factors of the terratex and in-
tegratod-ica-tuhlnlishtbe. Thonaﬁtaofthonteateohouldhfm-
_cominginthone:tintornl )

A

[ 3



Detailed Factuel Sata
|

The following descriptions w'ﬁm-n-rmmw
tigated during the third interval of this comtrwet,

m13'7-1 - Terratex type material - 3.8 clay
137=3 = - LA - ] olay
3R R |
.._137'6' L " 2‘,-

(u} samples o.ou-ﬁo.ma- in tmchnu)

Igt 138-2 - ru-:.tar t!-po -tcrid. > 2:3 01..,

L - " ] n - 1.“ "

" 138.8 - L n L 2,08 ®
(011 samples 0,020-0,022% in thickness)

mw-rwox.l.mm(noom)-oon-tm

Iot L2 - " . 0.015" ]

Lot 143 = Glass mmm;.a asbestos sheet (0.012-0,04%)

Lot 1454~ Terretex tyfi¢ matertal - 1,08 clay
0,019-0.021¢ (fand sbisets)

mmrmmw-wma.mom
0,018-0,020" (Hemd sheets)

Lot 24 mnu-uhau;mmmommu

FE8

mum.mmnmmnmm1 :
..-mummmm

Vaiatzudmatmum:muhum: (m
varhtionlmmwtmlmﬁm) 4

"(1) wumammwm«-sunmo-
cellulose laoquer sclutien.

(2) mumnmmwmu«m
dnuhoelmiou. :

(3) Teated $n veosmm to 5500 for 3 min., ocoled 3 min
reveated ‘mweum..’mwm
mmﬁwummumnmm

(4) Sems a8 (3) nm-, asort moa.d vith oﬂvl-d].!uu
solution,

Lot 121 - smmwm
" (Jo ethylesilioatée treatment)




Ww
mw-mmmuﬁm (0.006")

28I - smmmmmwnmm.d
weuhmmmw

PCSK2B - smmmmwmmmmm
e nmwmw

NRiC memmmmwm
Mica Flate New Rnglend $icea Comeny

mmwummmnwmmn»:mwnmm»
Pages :



Punching Charecteristics and
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Degassing and
Ggs Comtent
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Lot 138-3
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or manufactu~ing r

cessds of the supolier

have more of a tendency to have fussy
outlines and poor hole definition.
This may be nartly due to.different

asgood punching characteristics as '
_ the elay-containing materials. Punchings

This material does not seem to have
raw materials,
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Degnssing and
Ggs Content
Comments
The addition of the ethyl silicste
seems to increase the strength and
stiffness, but when the material

ig fired the second time at tem-

peratures of 400C or above, these
of focts are almost lost. No improve-

ment in gas content or ease of

degassing was observed with the

Punching Characteristics and
General Romarks

3 .
8%%%2 g L
R 3
L P

Hites 3 T3 e sang msen man
§°§8§éaé EB‘ E 000 ©000 ©00occ ocoo
gg?iigﬂ

aﬁﬁé"

Connhis .
i 53-:&333-3:3, -
i

gj'§=5=§-§-§- g 4 §§m§ 3365 3888 5888
gg'—.
B 3 ¥ i
g ki : 3 i Bn



The preceding vhysicsl daty indiogte that the samples of MSE2B and
PERSHZB integrated mica have vhysical vioperties sritable for vacuum tube
snacers. Because the thickness of these materials is more wiform, they
wculdbesomhatuamtommthmlthm

me«mmmmmnmnmmmmotm
seen to indicate that there is soms waristion of strength with olay content.
However, these wers band sheets and do not necessarily indicate whet we might
experience on machine-made material. In general, the strength and stiffness
increased withthowoentcgootom. ¥

No apnarent advmtagu are evident ror the no-clay asbestos materials
and they apnear to have poorer mmching ehmtorutiu.

Theoffectofﬁrinatbomdﬂuﬂuitnmondwhyl-mioato
tmmm:mwummmmmm,mwu )
objectionablein'hlbel :

The JAN tost limits mmm%mfw-’maﬁmmﬁ
arec as follows: .

i

m
A_mt—mhhdmtmmmuwmm

termatex
‘MS-M!WMIMM%W
.MG-WW - regular mics .




GROUP I { G80Ur 2 GROUP 3
=g Ip Se 3.5Sw Iz In S 38 =Iz b S 5ids
O Tih 4850 3780 0 5,0 250 10 0 4ot - 2480 1360
0.3 8.5 550 353 0 4.4 2490 490 0 6.65 4050 2090
0 3.8 2380 1450 0 42524 1060 0 4.5 2930 15%0
0 6.7 4310 3040 0.05 5.25 243 1050 0 6.8 4130 320 -
0 4.0 2330 1080 0 5.8 4060 2320 0 5.0 2960 1700
8 ¥ i
GROYP 4 ) GOTP & QEQVP &
=g Ip Sp 3,35m =z I S9 2398 _-=Itlh S» 355
0 4.8 3110 1650 0 6.7 33 1920 0.0 9.0 4800 590
0 3.5 1660 750 0 6.2 040 2910 0 6.6 3490 237
0 5.8 2030 1400 0.2 9.6 470 3210 0 6.5 3570 2340
0 17 910 380 0 8,6 4380. 2470 0 6.1 3560 2100
All of the tubos, including the , Were \maccentable because of

low transconductance and reduced
tmmmmmg—lltmwdmmtohdwd-mm
a larger test. No conclusions have been drmsm for the voor results on this

3}“

of tubes., Fuﬂhwtcatamlbewtommmtun cause of
these reeults, R, T A
roatlmemdomtyum-&(m hi:uvmohvmproouudon bmh

exhaulteqﬂm M

 sogiEn ImuRuTED Wy
_..n D & Lo

W 9,4 5000 3340

) 2.4% 9,7 5200 4700

= 20” 963 m "m
2,1* 9,7 5250 4780

mmmnt.oftm-mmmmmkmwmuormm
integrated mica materials, Also, somewhat reduced emission is apparent, parti-
cularly with the I"26H2B matorial, m.n:bodmtomwwocndm-
tivityofthmtahlortoamrtidwim!ngofmmm“thodo
mg.lahmtmmeotothumwlmmmmmormm

i

‘qm.,.tuhd'na-'mdf

88&&8‘b.
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and verifies the rosults shown hers. Further tests will be necessary to
determine which of the above mentioned factors is causing these results,

In an attemnt to minimize the interelement leakage, additional type
SD-GCC tybes were made with H2SHZB spacers that were given a svecial degrea-
eing, aif firing, and Mg0 enray.

IG b M2SHPB INTEORATED MICA
=1 Ip Sm  11Sm Is - zig Iy S 1S s
i ¥
0 10.0 5010 4540 90 0 9,3 4660 4300 60
0 9.0 4900 4350 98 0 9.45 5120 4340 9R
0 8.4 4650 4360 80 0 8,2 4240 350 29
0 0,8 4B30 4640 103 0.02 7.9 4410 3430 25
0 8.0 4460 L1120 65 0 12,2 4960 4490 65
1Y
A complete analysis of 19 tubes in each lot (38 seotions) gave the follow-

1 median values:

1

sz I S sy I

Regular Mica 0 8.8 "%900 4400 90
IRSH2B 0 8.6 4BOO 4080 60

It was encouraging to observe the marked reduction in interelement leakage

in theee tubes, but the reduced emission charagleristics are still a cause for
concern, .

A third test was undertaken to determine the resulta of these materials
in tubes nroduced on automatic exhsust equipment. The snecial vrrocessing of
the integrated mica svacars was apnlied to this test.

RTGULAR MICA ' [2SIeB INTEGRATED MICA
=g Ip Sp USm Is . =g I S 1USe Ig
0,02 10.1 5260 4970 100 - 0,35 10,0 5310 5010 77
1 0.02 10,25 5240 4700 102 0.30 11,2 5650 5250 62

0 10.85 5180 4830 87 0.02 9,1 4860 4460 50
0.01 10.8 5040 4860 20 0.08 8.7 4630 4100 50
0 10.0 5230 5030 95 0.30 9.35 4150 7880 30

TR,

5190 4840 65 {

.30 11,2
02 10,1 5320 4990 2
9.9 5160 4950 75

10,5 5190 4950 &0
10.45 6420 5120 80

A complete analysis of armroximately 20 tubes in each lot (40 sections)
gave the following median wvalues:



L b
ixegular Mca = 0.05 1?.'0 ‘5150

PCRSHZB. 0.10 10.2 515

358§
IV

Again the integrated mica materisls resulted in somevhat lower emission
oteristics with the PC2SH2B material being sunerior to the MR2SH2B. lfore
information w111 havec to be obtained before conclusions as to the
‘of these resulte can be drswn. ’
12 N
Test~ on adbastossbased materials, i.e. terratex, were also conducted on
SD=6C (124T7) tube type with the following results: -

Group 1 - Rogular mica, control group
. 2 = Plain tcrrater .
3 - Vacuum fired, ethyl-silicate imnregnated terratex

GROUP 1

=g Io  Sm S s 2ig I S 8 I
0.0l 9.9 5060 4720 90 o 0.04 10,5 5570 4340 105
0.05 9.7 4900 4360 = 80 10,02 9,0 4980 4630 90
0 9.1 4620 4220 8% 10,03 9.1 5110 4540 110
0O 9.0 4820 4400 95 0.0, 10.2 5150 4820 105
0.05 9.7 4970 4750 75 0,02 9.7 5300 4930 100

Some improvemonts in gas content and ease of degaseing were observed during
the exhaust vrocessing of the Group 3 fubes over the Grouv 2 tubes. The initial
test data are encouraging, and life test information will be -obtained, .

N\ : ‘ ~.
In an effort to decreass the moisture content and keep it low, two silicone
water-proffing agents were used to treat the terratex. 7The ntchh'm *"Dry
Filw" and "Soda T," both obtainable from the General Electric Comoany's Chemical
‘Departeent.,

No improvement in ease of degassing the tube was apparent during the exhaust
processing. Tests on the tubes showed the Dry Film treated terratex-spaced
tubes to have no emission. The Soda T treated.terratex-speced tubes compared '
with other terratex tubes and regular mica. No benefits were avvarent from this -
added treatment. ' -

Because Lot 138 terratex samples had heen the best of the terratex materials
with various vercentages of clay added to the asbestos, type SD6CF (12AT7) tubes
mere made to determine what differences in degassing and tube characteristics
might be obtained with these wariations, These tubes were identified as follows:



1 ~ Regular Mica, uontrol Group
" 2.7 mtuvith’i.lﬁc:lu
" 3 - Terratex with 4.8% Clay
" 4 - Terratex with 1,0 Clay
" 5 - Terratex with 2.0% Clay

c diffcrence in ease of degassing or gas content was disoerned during the
tem

exhuust nrocessing of the teax 'p.ood tubes. The following electrical test
- data were obtained: sl

t

GROUP 1 - : GROUP 2
=g I» S USs Is =g I S» LSy o
0.03 9.6 470 43,0 80 0.25 9.8 4880 440 75
0 9.6 4860 4620 65 0.02 8.1 4520 4020 65 b
0 9.7 475 4500 80 0O 8.4 4O L350 35
0.25 9,1 4650 30 80 0 7.6 4330 3880 50
0 81 4310 3800 65 0 11.9 4310 3980 T2
GROUP_3 - GROUP 4 ‘
zIg I»n Sm lUSs Ip » . =Ig . i Sz lUSp Is
0 B, 4500 4130 58 0.10° 8,3 4130 3600 30
0.05 9.2 4820 4310 62 0.12 8.4 4560 4020 45
0 81 40 370 50 0_7.5 4220 3830 49
0 8.8 450 4210 . 62 0.10 .7 3910 3500 40 .
0O 8.7 4M0 4950 &2 0 8.2 4540 410 50
=k D & L& Ie
"0 74 4400 3950 25—
0 8.7 4810 430 D
0 8.42 4640 % 68
0 8.2 5% ) 45
0 9.2 4890 4480 80 |
The results on this te ot

st were somewhat erratic, and since the number of
tubes was small (less than 10 tubes/group), it is diff$cult to draw definite con~ *
clusions. The data for all the tubes does indicate that possibly Group 5 was
the bost of the terratex materials. Nore tests with larger numbers of tubes
7111 be needed to establish this conclusively, These tests will be made when
largar samnles of sheet mtorhl are available,

Ww(mmmmdwudeucmmtmmcmuwith
regular sheet mica, The data are not wresented because the tubes with the NEIC
material spacers had nractically no emission. Murther investigation of this
matérial doés not seem warranted at this time. -

From the vreceding data, several materials show nromise, and further testing
of these will continue. The initial test results on the M2SH2B gnd PC2SH2B
matorials indicate the need for more tests, Life tests on tubes using these
materials should be made. Also, life test data will be taken on tubes using the
vacuum fired, ethyl-silicate imnregnated terratex since the tubes look satisfac-
tory initially, Murther tosts on the variation of clay content’ in the terratex
tyve material will continue in an effort to obtain th. best overall characteristics.

27
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The two tyves of integrated mics, IRSH2B and PCRSH2B, gave tubes that
vero satisfactory initially but not as good as the regular mice eomtrol tubes,
The need for for thorough degreasing and goraying the surface to reduce lsakage
on these two materials is evident., The P(2SE2B material avnears to give Tes te
morc ﬂear]ylikodiotbl‘loathndouthom

Additional tests on the SD-60 (12AT7) and other tynes, varticularly life
tests, are necessary to determine limitations of the 1ntcgmtod mica materials.

Results on the NFUC Mica Plate were discouraging, nnd no advantages over

the two integrated mica materials are evident. No additional tests sesa warrant-
ed at th:ll time, : -' 3

Some imnrovement in ease of degaesing and gas content hae been made on the
terratex material by a vrocess of vacuum firing and a second ethyl-silicate
imnrognation. Further iuorovenmt is still desirable,

Variations in clay content of the: terratex sheets affect the vhysical
oropertiss of this material and additioml nﬂ)lea should be obuinod.

-

Additional evaluation of the two integrated mics lnteria.ls with particular
emhasis on the thermal condwotivity and gaa ml.nio measuremsnts,

Continuatitn of the WM&& of nﬁ vrocessing of the 020" t.omtc
inanﬂfforttorm‘bherimmﬁvlm awhunduuotdwim.

Aml:nticnorthoumgimorrwtneurmmmna mghmat
elevated tespmeratures to leamm what gases are oresent, thus indicating what con-
‘stituents might be eliminated. - |

Fvaluation of mechine made samles of terratex with varying clay oontcnt ¢
for effects on snacer materisl. =

Continnation of investigation of new materials that indicate promise as
tube svecers. .

/8
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